Using C- and L-band radar observations to retrieve soil rms

height and moisture to improve SWE retrieval
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IntrOd UCtion Surface scattering component=c’;"* exp[— 279 ] at X (green) and Ku (black) attenuated by snowpack
cos o,
The NASA GSFC SWESARR, the Canadian terrestrial snow measurement mission (TSMM) and the Soil moisture = 2%, ratio=10,9,=40° rms height = 1 cm, ratio=10,,=40°
prior NASA SCLP and ESA CoReH20 have similar SWE (snow water equivalent) retrieval concepts : 8 g
of using X- (10GHz) and Ku-(17GHz) band volume backscattering method: Ebi 10 | Ebi 4
J SWE retrieval shows a satisfactory performance by assuming a priori information of snow € 42! o % 6 .
scattering albedo (equivalent to snow grain size) and soil surface scattering (Zhu et al., 2018). % al o T 8 o
(J Recent campaigns for validation: SWESARR campaign in SnowEx 2019, Canadian TVC § ol O % 107 ©
Campaign in the winter of 2018. B - | Snowpack: 1 m snow layer with grain 5 -12¢ © o X-band
o size 1Imm and snow densi ; cm3 g Ku-band
However, X and Ku band radar observations have surface scattering of soil that depend on rms é 187 ? ' d density 0.275¢/ g 14 o
height and soil moisture (SM). In this paper, we propose to improve SWE retrieval by = -20<; X-band E 16
(J Using C and L-band data to retrieve soil rms height and SM < ,, | | | | 2 Keband < 18 o S P
(1 Using retrieved rms height and SM to get surface scattering at X and Ku band o5 1t e b s 8s | R 3,3 |
rms height, cm Soil moisture, m~/m

Motivation and Background
; Canada SnowSAR 2013 data
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model predictions
1 Surface scattering affects more in X band
than Ku band

 Larger dynamic range in volume scattering

d Surface scattering from ground |

(dVolume scattering from snowpack giving SWE

(J Radar data: volume scattering + surface :
scattering

Total backscatter vs. SWE
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 Classification of backscatter through O Subtraction of surface scattering further
equivalent grain size (represented by albedo) restores the high sensitivity of backscatter to
Improves its sensitivity to SWE SWE

Procedure: surface scattering at X and Ku-band

backscatt Incident Angle = 40° L i
ackscatter |0, | Incident Angle Snowpack: grain size Imm and snow density

— I l | 0.275g/cm?>
19 Soil : permittivity of 4 4+ 0.5i and rms height 1cm.
Volume scattering is computed by the DMRT-
2T bicountinuous model (Tan et al, 2015
b The surface scattering is calculated by Oh model
-25 (Oh et al, 1992).
\Tlofa' Scatteﬂng_ t JThe total backscatter is dominated by surface
olume scattering componen ] ]
-30 background scattering component| | Scattermg at C band; espeC|aIIy for
200 400 600 800 >WE<200mm
SWE (mm)

1. Use C (blue) and L (red) band data to retrieve rms height and SM
2. Use values of rms height and SM to get surface scattering at X (green) and Ku (black) band from

Maxwell equations

. . _ . —ANnO
Soil moisture = 2%, ratlo—10,0i—40 rms height =1 cm, ratio=10,0i=40°
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(d Scatterometer data is from the Finnish NoSREx which was conducted near the town of Sodankyla in
northern Finland in the winter of 2010-2011 . The Scatterometer is operating from X- to Ku-band (10.2,
13.3, and 16.7 GHz) and was installed on tower platforms located in a forest clearing area.
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JWithout surface scattering, retrieved SWE are larger than measured SWE
JWith surface scattering, retrieval improved significantly
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The snowpack is generated by snow physical model
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(Backscatter at X and Ku band saturate for SWE >400mm: 1dB range
C band backscatter hold sensitivity for SWE > 400mm: 4dB range
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